Fiber Bragg grating (FBG) sensor systems are being widely used as temperature measurement and strain measurement systems for aerospace structures, civil structures, and high rise buildings. However, the systems are rather complicated because the wavelength change must be measured using several kinds of optical filters such as Fabry-Perot filters, edge filters, and bandwidth filters. In this paper, FBG sensor system for dynamic strain measurement is proposed. The system consists of SLD (Super Luminescence Diode), diode driver, FBG sensors and the photo diode as a detector. Neither Fabry-Perot filter nor edge filter is applied. SLD has its own intensity slope according to various wavelengths. The slope is very linear at certain wave length range. In the concrete beam experiments, the 1525 nm center wavelength FBG is employed as a sensor and the grating shows good linear responses to the dynamic loads. The data compare to those of electric strain gauges. The system also has a potential to be multiplexed by the pulse modulations in the time domain. If the FBGs have different wavelengths, they can be placed in the same fiber and if the FBGs have the same wavelength, they must be in the separate optical fiber and connected with couplers in order to be multiplexed.
Introduction
Fiber optic sensors are primary candidates for structural monitoring, which is progressively being utilized for advanced structures. Several of previous studies performed to the various fiber optic sensors [1] [2] [3] [4] [5] . Recently, Fiber Bragg Grating (FBG) sensors became dominant and they are very useful for sensor application and filter application [6] [7] .
The performance of the ordinary FBG sensor strain measurement system, which uses Fabry-Perot filter for scanning wavelength [8] , has limitation for application because of hysteresis characteristics of PZT element in the filter, slow scan rate of the filter and the high cost of system.
Band path filter or edge filter can be used for signal processing system for FBG. For the band path filter, the important things are flatness of the plate of the filter and the suppression of the side modes. The band width should be big enough to cover the 5~6 nano meter shift which occurs under the strain of 5,000~6,000 micro strain. For the edge filter, the smoothness and linearity of edge are important and the slope and the band width must be controlled. The temperature dependence must be eliminated, but it is very difficult. Therefore, most probable sensor system is no filter system.
In this paper, FBG sensor system with SLD(Super Luminescent Diode) source and without any filter is proposed. It emits the light in the wide range wavelength. Especially it shows good linearity in 1510~1540nm wavelength. SLD light source emits different intensity according to the wave length. Therefore the variation of the wavelength in FBG due to strain varies the reflected intensity.
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Principles of Fiber Bragg Gratings
Among typical fiber optic sensors, fiber Bragg grating sensors (FBGs) and fiber optic Fabry-Perot sensors are widely used. Fiber optic Fabry-Perot sensor is very sensitive but it is very difficult to produce by the automated mass production process and its signal treatment is very complicated. On the other hand, fiber Bragg gratings can be produced by mass production equipments and they have very good reproducibility. Their signal processing is rather simple. Many of previous investigators chose fiber gratings as sensors and we also choose FBGs for structural monitoring sensors. (1) λ B = 2nΛ n : effective refractive index, Λ : grating period Bragg wavelength which reflects from the grating is a function of effective refractive index. Bragg wavelength is changed by temperature and strain variation. Therefore we can measure the temperature and strain by measuring Bragg wavelength. The center wavelength sift of the grating according to applied strain change is described in Equation (2) where P e : photo-elastic constant, ε: applied strain to the grating
Multiplication
The proposed system uses an SLD as a light source and adapts the CDM(Code Division Multiplication) or TDM(Time Domain Multiplication) method. Without a tunable laser source and Fabry-Perot filter, the price of the system is very low and the response speed of the system is very fast. CDM is based on correlation technique to separate out individual reflected sensor signal from a multiplexed signal [9] [10] [11] . The m-sequences are used for CDM.
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Title of Publication (to be inserted by the publisher) Figure 2 shows the experimental configuration of Multi-FBG sensor system using CDM. While bold lines indicate electrical cables, thin lines indicate optical fibers. Figure 2 . Experimental configuration for multi-FBG sensor system using CDM In order to separate the signals reflected from each FBG in the fiber which contains several FBG sensors, PRBS(Pseudo Random Binary Sequence) is applied.
PRBS Generator
The optical power is obtained by convolution (⊗) of probe signal and impulse response of the FBG .
(3) To check the changes of the FBG sensors, the probe signal is autocorretated (*) to electric power as
where η and r(t) are detector responsivity and impulse response of amplifier, respectively.
By the approximation, equation (4) becomes
(5) Therefore impluse response of the FBG sensor is obtained by autocorrelation of the electric power of probe signal.
For TDM method, 2 x 2 coupler instead 2 x 1 has to be employed, because the same wavelengths of FBG's cannot use in the same optical fiber. The reflected light from each FBG has identical response to the light source variation and the temperature variation. Therefore, referencing of one FBG eliminates the light source variation and temperature variation.
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Experimental System
As a light source, Super Luminescent Diode (SLD) is employed. The spectrum of the light emitted from the SLD is in Figure 3 . From the wavelength of 1510nm to 1540 nm, the light increase linearly. The center wave length of FBG is decided to 1525nm the center of the linear region, the bandwidth of FBG is 0.2nm and reflectivity is about 20dB. In the experiment, we use several couplers to measure multiple points as shown in Figure 4 .
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Experiments
The FBG and strain gauges are attached to the concrete beam. The beam is placed to the MTS machine for 4 point bending test. Cyclic loads up to 14 tons are applied to the specimen and the responses of the sensors are recorded. The measured strain by FBG system and strain gauges are in Figure 6 . The data show good coincident response to the applied loads. Figure 6 . The measured strains by strain gauge system(upper) and FBG system(lower) according to time
Conclusions
SLD system using intensity slope without any filters is successfully applied to the FBG system. The system shows very good response time to the high speed measurement. The data from the system show good coincidence to the strain gauge data. The system shows good potential of multiplication using CDM or TDM.
